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Wataru W. Sutow, M.D.,* and Robert A. Conard, M.D.¥*

HOUSTON, TEXAS, AND UPTON, N. Y.

Timrs ReEvIEW of recent literature was
undertaken to obtain a perspective of radia-
tion cifects on human beings, particalarly the
cffects on children. Aitaougn numerous re-
ports indicate the occurrence of specific del-
etertous effects alter high doses of radiation,
documenration of damage in man following
chronic exposure o low doses and low dose
rates is meager.

The question of differential sensitdvity in
relation to age 1s particularly relevant to
pediairic  considerations. The publications
suggestng thar {eral irradiation at diagnestic
rocntzenographic dose levels may be asso-
ciated subsequently with increased leukemo-
genesls and carcinogenesis™ * ® have empha-
sized the need 10 obtain more data on human
beings. The occurrence of thyroid cancer
after irradiation of the thymus during in-
fancy® ® % 7 and the age pattern of leukemia
in the Japanese A-bomb data® ? have sug-
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gested that voung children might be more
suscepiibie than adults to the carcinogenic

action of radiation. Other data, however,

"
3

that leukemogenesis aiso muay bo asso-
ciared with diagnostic radiation in the adult®®
and that the incidences of radiation-incuced
lung tumors among asbestos and coal gas
of bladder tumors in chemical
workers, and of leukemia among radiation-
treated males with spondylitis in England in-
creased with increasing age.™ Lack of knowl-
edge regarding the basic mechanisms in
radiation carcinogenesis (and sponianeous
cancer), in addition to the difficuities in-
herent in the interpretation of epidemiologic
data, warns against uncritical acceptance of

51:0W

workers,

conclusions seemingly shown, 1!
Considerable data have accumulated de-
scribing the effects of radiaton on adult
human beings. However, less is known about
the age dependence of such effects, particu-
larly in regard to children. It is believed
that the young are somewhat more sensitive
to radiation than are adults and
gencrally found to be true in studies on ani-
mals and from limited experience with ir-
radiated human beings. In this paper, the
somatic and genetic effects of radiation in
the human being will be reviewed with spe-
cial artention to what is known about the
rclative sensitivity of children. Also, the
current attitudes toward the hazards of low-
level radiation in children will be examined.
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SOMATIC EFFECTS OF

HIGH DOSES

Somatic effects that result from substantial
doses of radiation have been well docu-
mented and the causal relationship of early
effects 1o the fact of exposufe has been fairly
clearly established. The present knowiedge
regarding the late effects on humans which
occur months and vears after the exposure s
based on meager data from acute exposures,
from epidemiologic investigations, and from
occupational and medical exposures.’™ °
These late cifects are nonspecific and cannot
be differenuated {rom naturally occurring
disease; only the incidence of the disease is
increased.” The general pattern of somatic
effects following irradiation varies with sev-
eral factors which include the quality of
radiation, absorbed dose, and raie and
homogeneity of exposure (spatial distribu-
tion}.

Acute eflects. The median acute lcthal
dose (LD;¢) in man for short-term total
body radiation is not precisely known but is
estimated to be somewhere between 300 and
500 rads.*™ *® Doses over 2,000 rads are fatal
within a few hours, producing rapid clinical
deterioration in which necurological sviup-
toms arc suriking. Berween 300 and 2,000
rads, clfecss are characterized by severc
gastrointestinal  disturbances; death occurs
within a week. Ajter an exposure to 100 to
500 rads, less serious gastrointestinal symp-
toms preciominate in the carly clinical pat-
tern. Following subsidence of the gastro-
intestinal symproms, the effects of injury 1o
the hematopoictic ussue {infections, anemia,

/

bleeding} may become evident in about 3

weeks.*” Clinical svndromes of acute radia-
tion injury have been descrived in detail
in & number of pubiications. ¥#

The relatve seasitvity of children com-
pared with adults to high doses of radiation
is not precisely known. “In assessing sus-
cepuibilities various end points can be used;
the apparent radio-sensitivity of a tissue or
organ depends on the method of observation.
Sensitivity depends on age at the time of
exposure, children being more susceptible
than adults.””* Marshallese children irradi-
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ated with 175 rads of whole bodv gamma
rays showed a slightly greater degrce of
nausea and vomiung and greater depression
of leukocytes than did the adults.** ** How-
cver, the dose may have been greater in
these children due to their shorter starure
(nearer the ground source; and smaller
bodies. The skin of children i1s known to
be more sensitive to radiation than that of
adults.®” The Marshallese children exposed
to fallout also developed more widespread
“beta burns” of the skin and epilation than
did the adults. This greater sensitivity may
be related to the thinner skin of the chil-
dren.®¢

Late effects. In considering the possible
late etffects of radiation, it should be borne
in mind that children have a greater chance
of developing some of the late effects since
helr longer life span would permit effects

!

-

with prolonged Jatent periods 0 become
manifest,

Leukemia. The occurrence of leukemiz as
tae result of exposure to ionizing radiation
has been established in studies of atomic
bomb survivors in Japan® ® *% 3 and of
therapeutically irradiated ankvlosing spon-
cyvlitis patients in England® % In the
Awomic Bomb Casualty Commission (AB
CCj study, calculations based on 82 cases of
confirmed leukemia of all tvpes occurring
from 1947 through 1938 among the proxi-
mally exposcd {within 1,500 meters of the
nypocenter) survivors demonstrated that ihe
highest calculated annual rate of 673 per
miilion was in the age group O through 9
vears; the caleuluted over-ail incidence was
433 per million for all age groups combined.
During the same period of time, the leukemia
rutes among the distally exposed (1,500 to
10,000 meters from the hvpocenier) survi-
vors, calculated on the basis of 67 confirmed
cascs, were 26 per million in the O througi
9 vear age group and 35 per illion for all
ages combined.> ¥ The expected incidence of
leukemia of all vypes for all ages in Japan
was 20 to 30 per million per year.® When
acute lvmphocytic leukenua was considered
separately, the calculated annual rates in the
0 through 9 age group were 269 per million
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in the proximally exposed and 6 per million
in the distally exposed children.® ¥ Straight-
line rcauo“snms between irradiation doscs
and ieukemia incidence in the Japanese data
were noted over the dose range from 100
to 9C0 rads. -

The British data were obtained from fol-
low-up studies on about 13,000 patients, pre-
dominantly males of 14 years and older,
wiio were given radiotherapy for ankylosing
sponcyiitist 3 2 73 cases of leukemia have
occurred among these patients. The number
of cases of leukemia etpected in this study
population in the absence of irradiation has
been estimated to be four or five.* These pa-
tients rccci\'ed therapeutic doses of radiation;
“this study does not provide evi-
dence on leukaemia incidence after doses be-
low 300 rad.”* Other epidemiologic investi-
gations have indicated that

thercfore,

children with
leukemia have had greater exnosure to radio-
muapy than’ have comparison groups™
and thar caildren subjected to therzpeutic
irradiation, particularly to the thymic arca,
have o higher incidence of leukemia than
expected.” ™3 In some repo ':ed series,
Lowever, children who received theraseutic
irradiation, including irradiation of the thy-
mus, did not siow a significant inci clumce of
Jeukemia.®3% Again, the history of therapeu-
tic radiation is not always a significant find-
ing in leukemic children.™** The total vol-
wmne of tssue irradiated (bone marrow) has
been suggested as a factor of importance.*
Although increased irequency of dexths from
leukemia among American radiologisis has
been reported,*® ** the data do not con-
iribute toward quantitative aspects of the
problem,=s: 20

Several attempts have been made to deter-
mine the probability of leukemogencsis on
the basis of raciation dose.?® #4348 The
conc.usions do rot deflinitively answer the
question of the existence or nonexistence of a
threshold radiation dose for the develonment
of lcukemia in man.®® A cause and efiect
relationship, however, between high-dose
radiation exposure In man and increased
incidence of ieukemia must be accepied.i®
Cancer. The correlation between ionizing
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radiation and the occurrence of
neopiasia other than leukemia has been the

o+

: ....Jgnan

object of iniensive sclentific inquiry since the
*)ub'ica'ion of reports of increased carcino-
nesis in children who were irra"’iatcd in in-
fancy for thymic enlargement.* * Cancer of
the thyroid gland apnears to be the most
frequent malignant tumor noted in these
studies.*™ ** Eleven cases of thyroid cance
developed in a group of 4 children given
x-ray therapy to the hcad,. neck, or cnest. In
the same population, 0.12 case would have
been expected. Irraciation dosage in the 11
children ranged from 100 to 1,770 r in air.®
In znodier
fanis who had been t

» ospecqve stucy of 2,809 in-
erapeunically irradiated
for thymic enlargentent, § cases of thyreid
cancer were found (010 case expected, in
additon to 21 cases of thyroid adenoma (O
case expected, ne 9 wnk m\Aoﬂ cancer

had cumumtlm exposures :'n.\j

tHough the de\'elopm nt of “thyroid nodules”
has been ascribed to prior therapy with
iodine-131,1% %% only
carciroma has been reported amo

one case of thyroid

so wreated.*® * Varicus data sugges

formation of the nodules was more
in children than in adults {33.3 per c
comparcd 1o 0.8+ per cent).”® Ch
ted that the historv of
antecedent therapeutic irradiztion 1o the neck

servations have indica

area was sxﬂrnmg“nuv VEry common /UT) e

80 per cent) in children and ”AO'LbCL 5 wiin
J

thyroid cancer.® ** In the AZCT survey in

Japarn, 21 instances of thyroid cancer were
found over a three-year period { )
among more than 19,060 persons in the
study sample.™ N

in the exposed group. Two were under 13
years of age at time of exposure; 5, however,
were under 21 years of age at exposure. Ten-
wative exposure doses (1 ;:) , corapuied on :'nc
basis of exposure distance and shielding

IS
tory of these cancer cases, ranged from 1‘25

1o 3,700 rads with the excenton of a singic

patient whose T;: dose was calculawec o
have been 33 rads.®® It was conclucded from
these findings that thyroid carcinoma was
signincantly more prevalent among survivors
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eavily exposed to radiation from
ombs, o3 o8 O

In another study of Japanese atemic bomb
ancer of a

the atom

oo

survivors, a higher incidence of
types (cxcluding leukemia and lvmphoma,
among those exposed within 1,500 M. was
repor \cd“; the increased frequency was not
age or sex. This finding, how-
o4, 56

related to
ever, has not becen subsiantated.

The development of bone twmors following
irradiation with doses in excess of 3,000 r is
well documented.”™ An increase in Lcougucy
of ostecchondromas over Ll.c expe
cases has also been obscr\ed7 in
ted with several hu'ld red r for
have aiso

eC nuni-
ber of
children trea

1 }\n'hC cn.argement. Bone wmors

been observed In watch dial palnters from
micernal (Z posiuon of radium. Radlogenic

asms from Sr¥9 deposition have

been experimentally produced in animals and

S
{align

nresumably could occur in man.®” Malignant
tic lung and the skin are also
known to e related to radiation exposure.
Cancer of the lung has been associated with

nigh awvmospheric content of radium and

particularly of raden. The risk of radium-

umors of

induced cancer of the skin is generally con-
sidered 1o be less than that of many other
IVpes O tuno 55’

Growth and development. Several anzlyses
of the growth data on Hiroshima and Naga-
saki children subjected to atomic bomb ir-

radiation have suggested a retardation of
g:owzh a~nong the exposed group.®$ 9. 00
This deleterious elfect seemed more promi-
nent among boys than girls and among

those exposed at younger ages.”® % Inter-
pretation of the results s complicated since
the chiidren suifered psychic and physicai
wauma as weil as nuwitional disturbances
and diseases. A similar trend in retardation
ol growth and development has been noted
in a swdy of 38 Marshall Island native
c“'l ren who were exposed 10 whole body
radiation of 69 o 173 r from radioactive
iztl.out.“ H:ghiy suggestive differences were
noted, particularly between male children
exposed at 12 to 18 months of age and the
unexposed comparison group.
Clinical experience has long

emphasized
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the occcurrence of "evefoan*cnt;l abnormiz!-
ities among children recei “*.5
utero.’” Of the ofispring of 11
women who were exposed during
mimester of pregnancy to the aiomic bom
in Hiroshima at distances less than 1,200 M.

seven had microcephaly

rradiation in
pregnant
the first

irom the hypocenter,
and mental retardaticn.® In Nagasaki, the
over-ail morbidity and mortality were high
among babies born o 30 moters who were
exposed during pregnancy and who mani-

fested major radiation symptoms as com-
pared io those among babies born 1o 68

mothers exposed within 2,000 M. but with-
out histories of major symptoms and to in-
fants born wo 113
tie 16 sunviving

“conirol” moihers. Four of
chiidren of mowers with
major symptoms were menially defeciive
Exj

nave been

erimentadly, many wypes of maiformations
procucec in the animazl fetus by
irradiaton. e 64, 88

Life shortening. Shor u,‘..“g of e life spun
and premature senescence have been esiab-
lished in mammals receiving acute or chronic
irradiation,™ 0, 67. 38 It has not been con-

wstrated that a2 similar §F

[¢3

clusively demo
shoriening effect occurs in human beings
e.\po.sed to radiation,’ azlthough
statistics from retrospective surveys have becn
sed longeviiy of

moriaity

interpreted to snow decre

American radiologists in comparison with
other physicians and witi the general male

pom:luxion.“' % ™ The Atomic Bomb Cus-
ualty  Commission—National Insiltute  of
Stady of Life Span of A-
surveiliance a

Hea‘zh {Japan)
Bomb Survivors has under
sample of approximately 100,000 persons.™
Analyses of these data may provide some frm
answers in reference to the relative life span
of those exposed to radiation during chilc-
hood and infancy, esults thus far
have nor revealed any positive correlation.

aiough r
Chromosome changes. Persistent chromo-
somal aberrations have been noted in wie

leukocytes of human beings who received

witole or partial body irradiaton.™ " Diag-
nostic radiaton ranges in ievels of 12 w0 33 1,
and even in levels as low as 1 to 12 r, have
been associated poswradiation aberra-
tions.™ The clinical significance, however, of

with

-
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tons has not been
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these chromosoma
established; in the absence of suffcient in-

formation, the relatonship of these mor

v B

logic changes to potential leukemogenesis

(?

othier abnonmalitics which migsht occur later
remains highly speculative.™

Qticr somatic c¢ffects. Opacities of it
optic lens occur after acure exposure of the

lens to doses greater than 200 rads of mixed
camma and neutron radiation,!® ™ alzi‘.ou;;l'x
the minhnum cifective x-ray dose for the

production of clinically signi

(¢}
—
[en)
<
(]
R
5
@)
I

has been estimated 1o be 600 t

In chronic exposures, neutrons arc consicered

o be more caiaraciogenic Li:a. X~ Or gunmia
ruys.™ The sensiidvity ol ienses w0 radiavion
seCIms 1o be greatest nonfants under 1oyear
ol age.’™ DlProlonged temporary or permanent

sterility has been reporica foilowing sin

J N
wgle
1

jocal gonadul doses of 500 rads or higher.

In tae swdies of atomic bomb survivors
at Hiroshima and Nagasaki by the ABCC,
Thesoost 3r was concluded that the data could

duncmm e ficant and consisient

"no signi
effect o ')v.rcnt“l radiauon exposure on the

number of infants with major dedects, among
thi 76,626 chlidren examined” and failed

r

“to revesl an increase in suilbirts or infant
deatias clearly awwibutable to parental irra-
ciation.” 12‘.c Japanese swudy, however, hus
indicated a change in sex ratio among off-
spring of drradiawed parents. Such & shiit
wouid be consistent with the occurrence of
sex-linked mutadons allectdng prenatal sue-

vival™ Schwuil™ has examined the geacti

interpretaton of the da:a) emphasizing the

(2]

reality of the cffect but indicauing that a
number of geneuc al[crnazi\' ¢s may account
for the change. A slight ix crease, however, in
the number of miscarriages, sullbirths, and
neonatal deaths has been reported in the
Marshallese women exposed 0 fallout radia-
tion.>!

Based on the assumption thar children of
consunguincous marriages, owing to their
increased homozygosity, are “a more sensitive
b

ed genetic damage,

index of radiation indu g

the ABCC investigated +,781 births to re-
ated parents with va )Ang degrees of racdia-

uon exposurc™ a

strabiv, comsisient eﬁ'cct oi parental exposure

on e {requency of malf on“cd infants or
! deaths was Jounc.”

pernata

e massive data from the ADBCC surmvey

of pregnancy wrminadon in nonrelaied par-
ents™ have been reanalyzed incependently,
and, on the basis of this scparate analysis, a
significant total geneuce cffect Las been re-

ported.>™ * However, the methodology and

interpretations of the reanalvsis have been
D omod Qg ] 8T
3 and Schull

seriously quesiioned by :\cc‘
Experimental swudics in organlsms oiher
tizn man have shown thar the feequency of
murations was dose desenden:, even at e
lowest doses Investdgaied. and that the rma-
sad

cct

jo:'il\' of induced nercditary changes

8. Allnough di

de nnenial

1

information anpeurs reasonably

certain that similar
man peing.'® Thus, known exposure 1o high
doses ol lonizing radiation requires the dis-

quicuing acceptance ol genctic hazards, the

truc magnitude of which may be assessed
only wita the perspective of time suewching

over generations.

SCMATIC AND G.L.\L‘TIC ZTFTECTS

OF LOW-LIVEL RADIATION

The werm “low-level” radizton, regurd-
less of source, rcquircs defininon. The Unlted
Natons Scienullc Comuniice on :hc E oCis
TUNSCES has
agreed tiar doses of less than 30 rad ;hort-
erm exposure and 100 w©

>,
L\u.\llu\.AOA 1

ol ;\101*.1:c

~

1,600 murnd cumu-
latve weekly doses should be comsidered as
“low.”' Two other framwes of reference will
be uselul in this discussion, one bcing e
amount of radiation {rom nataral sources 1o
which man s constantly cxpo>cd and ihe
other being the levels accested by severad
acvisory and reguiatory nodies as proieciion
standards {or the genceral popuiation.
According to UNSCEAR calculatons of
dose rates {rom nawarad radiction sources,™ ¥
cosmic ravs and ierresuial sources cach de-

liver about 30 nwem per year w thwe gonads,
bones, and blood-forming cells. The inges-
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ton of elemients of the radiu
scries, of potassiun-40 and of
vides radiation exposure from internal sources
in dose rates esumated to be 126 mrem per
vear to the gonads, 130 mrein per vear to the
cells lining bone surfaces, and 1

year to the hematopoietic tissues.

Medical diagnostic radiology construtes
another source of incvitable low-level nradia-
tion, the magniwde of which has been the
subject of recent inquin-?® 2% ¥ The annual
generically significant dose received by an
individual in the United Statwes from diag-
nostic roentgenologic procedures has been
estimated to be 30 £ 23 mrem minimum and
140 £ 100 mrem probable.’ Altbough est-
mates of bone marrow dosc are based on
sparse data and assumptions, the UNSCLAR
in wwo reports has suggested dhat the esti-
mawe ol the population per capita dose
“might be of the order of 30 10 100 mrem.”
v."1 The radiation exposure {rom radio-
isotopes in pediatric patienis for a number of
diagnostic tests has also been calculated.®

Adequate information on effects of low
doses in both man and experimental animals
is tacking. In 1859, Brues” commented that
the subject of cffeets of low-level irradiation
concerned “hazards which, if they exist, can-
be demonstrated to exist because
they are refadvely so small.” Upwon,® in re-
viewing racdistion carcinogenesis, stated that
are not acequale W ber-

not POS:]I)A‘

"cxisti o data .
it dm.@ U estanation of the risks of small
lucreases in pacisground radiation.”

Somatic eflects. The repor: by Stewar
that diagrostic pelvic irra-

and assclintes™
diation of tiie preghant mother was associatec
with subsequent development of leukemia
and other malignant ncoplasms in the chiid
red a num-
les. In sub-

Ber of similar cpidemiologic studies
sequent communications, the original con-

who was exposed in utero iri

aoe
C‘.\

clusions were confirmed and amplifed.® ?
The study atempred to wace all children
in England and Wales who had died of
leukemia {792 cases) or other cancer (902
cases; before the tenth birthday during
1953-1955. Tt was concluded that the risk of
subsequent malignant changes in the child

intrautering pha»c * These ﬁndmgs Were sup-
a 1 I other swudies.

a studv of 754,243 chilCren born in an‘ dis-
charged alive from 37 large matc;mty hos-
nitals in the northeastern part-of dic United
States from 1947 through 1934. For each of
three categories, leukemiz
ccxm‘:ll nervous svsten,

2, neoplasms of the
nd other ncoplasms,

ne cancer rate was found to be “‘abour 40
percent higher in the X-rayed than in the
unX-raved members of ithe swudy popula-
tion. The excess cancer mortality in the
Ne-rayved group was most marked at ages S

througnn 7 vears, ar which tme ihie relative
risk was 2.0, The excess risk apparently was
exiausted by age &7 MacMisiion huas osti-
mated that the probabliy of death {rom
leukemia for white children in the United
States up to the age of 10 years will be
increased from 46 per 100,000 children o
62 per 100,000 children by prenatal ireadia-
ton.*”
In a2 prospective ap 3

women who between 1943 and 1536 re-
oregnancy

N

ceived pelvic radiation curi
were identified from the records of select-
hospitals (Edinburgh and London® wnd the
subsequent deaths from leukemia of the chi

dren of these pregnancics were then invest-

. Court-Brown, Doll, and Hiii.,? in this

gz
©
o
&
o

7
Yolps)
S o
[O I
G~

v, found 9 instances of leukemia among

liveborn children when 10.3 was the

(o=

(e

sumated expected number. The study also
’ there was 1o evidence of any
isproportionate  occurrence of leukaemia
among the children who had been :most

irradiated nor among tne children

heavily
wno Imd been irradiated early i inwratierine
afe.” Data not in accord with those of
Stewart and of MacMalon have aso been

reporwed from several otirer swudies s ™
Although the exposure dose cannot be
precisely determined in these swadies, ™ the
reporied association berween prenatal pelvic
irradiation ar diagnostic dose levels and in-

creased leukemiogenesis (and carcinogenesis)
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clearly indicates the need ior further data on
c

f
human beings.?® “If leukemia does result
from pelvimery, it may indicate that the
{fetus Is extremecly sensitive or that in reality
there is no tireshold.”*® However, no differ-

ences in tihe incidence of lcukemia have been
found mong a ni umber of metronolitan areas

of the United Suates with cifferent cosmic
radiation backgrounds.’®® The guestion re-
garding the possibility that the irradiated
sample may not be representative of the
whole childhood population needs 1o be more
preciscly answered.®”
Chromosomal aberrations in  peripheral
leukocytes have been reported following di-
agrostic x-irradiaton doses of + w0 12 r.™?
That similar changes may occur at lower
doses 1s suggested by a report of the develop-
ment of chromosome abnormalities alter 825
mr (C.8 rad} towal body exposure.”™® Nonc
were noted after 20 to 80 mr radiation.™
Current a\ '"iI“er datz on human subjects
do not permit any definitive assessment of
the development of otaer somatic efiects

~

from exposure to low-level irradiaticn. In
reference 1o life shortening, exwurzpolation
from :mi;nai to human has been attempred
bur the clinical observations arc inconciusive.
Clinieally significant cataract 1or-
mation nrobably has not occurred below 680
rads, aithough it is generally believed that
ive dose is lower in cnil-

the m"qi“u} citect
dren.’” Stucies of growth and development

in children have not been reported other
ried out on populations ex-
poscd o wnoic-uouy coses of &9 r or more.

FREIVHY

than those ca

mereditary efieet. There exists no body of
direct observation of humian  population

which perinits the precise quantitative derer-
mination of the gunuic effect of low-level

radiation. Lie potential genetic con-

scquences of exposure 1o radiaton have
been estimated indirectly in such terms as
“lethai-equivaients,”' total estinated num-

bers of gross physical or mental chucts in

future gcncrat;om 103,106 and  “gonadal
doses”  or  “doubling  doses” of radia-
:ion<77, 105, 197

Based on radiatioa-induced mutation rates

in man and on the sponiancous inci de:ce oL

October 1965

celects in man, the total of gross physical
and mentai defects from all atomic wezpons

tests throughn 1961 and all futurc generations
been estimated!® ¢ a5 1000 (range

20 GO0} irem fallout and 2,000 {range
400 1o 10,000; from carbon-14. The towz!

number of such defects due 1o 2ll causes
Y

{hereditary and ncniereditary) in chiléren

oI persons now living hus been estimated two
be bewween -+0C00,060 and 6,000,000, The
number of additionzal cases occurring in the
next generation has been estimated to be 163
crange 20 1o 300) due to fzllout and 10 (2
o DO) to carbon-14. The risk to the In-
encration (of genetic
ross mental or phvs-

o
4]

P} T E iy - Alms iy e .
ical defeet, has been calculated as 1,/1,000,-
;00 566

r than 30 rad but o

what lowe
rac. For chronic irradiatiorn, to.
able value 15 100 rad or possibly hi
TALLCUT RADIATION

inous data on e ievels and

The volun
narzards  of  environmenizl  contzminziion
with radloactive materials {primarily from
auclear weapons tests) have been effectively
summarized, on an nternational basis, by
UNSCEAR® > The published records of
tiearings before the Subcommitice on Re-
1. Development, and Radiation and be-
fore the Special Subcomumnitiee on Radia-
on, both of the Joint Committee on Atomic
Energy, Congress of the Tniied SL:.tcs, con-

siitute an authoritative source for basic in-

ormation on almost all aspects of {aliou:
radiation.’v® ¥ The rate and distribution
of deposition of racdicactive Iadout from
the testing of weapons depend on the amount
oi debris, altimde and g“ow‘r“‘smc location
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um-13 , Jodine-131
(haif-life, 8 days}, and carbon-i4 (heli-life,

5,760 years).*™ 11 Of particular pedictric
medical significance are the hazards of in-
ternally deposited racionuclides from wepo-
eric rallour ratner than
these from local or near-in f;llout.

spheric and stratosph

Swoatjum-$8. The principal scurce of
strontlum-90 is dictary
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coniaminated

tirough ingestion of
cirectly
hrough incorporation of swontum-50 into
the food chizin, both plant and animal.®™ 9%
10v

vegeration  and

In children, milk is considered an impor-
tant source of swonuum-90, although con-

1

taununaied potable water may congibule ad-

<itonzl amounis of the radionuciide.® The
distribution of the radionuclide in the body

fonows the mewbolic puins of calcium.
Uue high wrnover rate of minerals in e
sones of infants and children under 2 )Lar
of age is presumed w lead o rapid equlli-

bx.m.on ol the bone minerals and conse-
deposition of strontium-
90 throughout the skeleton.® 1% A yearly

L.“L\’ to uniform
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cpiccement of 30 to 70 per cent or more
6 tone mineral Las been estinaied during
" T and sccond vears of Hie”™ '® In the
2.0 w 3.5 per cent of bone calcium
9713 The

Celarest,
i3 ooplaced annually. e bones o sull-
Lorn fetuses and of newborn infants have a
'oug stronuuem,//caicium rato atwibuted to
diserimination by the placenta which favors
oy a {actor of 2 tie passage of calcium over
rontum irom mother to fewus.5™ 128 Mew-
ation benween swrontium and
calcium does not become established until
the second vear of life,1¥% 13% the “observed
ratics” of strontum and calcium in bone to
those in the dict b
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<iom bur also 1o erester cens £ 8790 in

ron but also w0 greater deposition of Sr* in
.

elr growing sones
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i
15 responsibic for an esimuied 50 per cent
of e marrow dose and &0 per cent of the
bone dose.® The potendal dan
stronuum-90 is assumed 0 be the develop-
ment of osieogenic sarcoma and possibly leu-
kemia. Although the behavior of sirontium-

p_

90 has been examined on ccological a

physics  bases,®™r 13 11711 che  onomis

:

uce ol the biolegical risk remzins to be de-
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mined™; o rather high uireshoid dose of

well above 20 rads and prebabih nearer 1,00
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he mceiabolic benavior of cesium-
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wibuted unifermly in the soit tiss
biological half-iife of ccsiux:‘. in chiidren has
been reporied in two studies 0 be zbout
+4 and 38 days znd abour 100 davs In
aduls S 1 The more rapld turnover par-

JEE T T gle 157/
CLly alcounis 1or ule TaLo of cesium-137;

a
were iwo to four uimes higher in lare 16AR2
than the average levels in 1561.°
sorpiion of thls chemical by wiant rooos is
poor, so that e entry of the nuclice inic
the {ood chain largely depends on ingestion

i

oy animals of {ood contaminzted by direct
1

deposition. Mk and meat are the grentest
coniributors  to  human  dletary inwake®
age variadons in body burdens of this

nuciide have not been notwed, particularly
witen related to lezn bedy mass or tw po-
Lassiupn, ey 1R I LA 8 o0 e it the rela-
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IO the DCUY whore the o4
in the thyroid giand.®™

into their milk, It is ncied 131::, io

milk consumpiion, the 1y ¢
dren concentrates much more jodine than ace oceans, deep occans,s.“' ooneak exces
that oI acults. of carbon-1+ ucuvity ar about |

Fewal thyroids contain more iodine-131 has been predicted in 186+ or 18¢5. “The

than maternal thyroid glands on a per gram sevel will then fali to seme 60 per cent in

welght basis.”™ ¥ The most crivcal age in seven or eight years thue. Benween 1970
postnatzl Life in regard to dosage has been and 204 d

estinated 10 bc bc‘.wccn 6 uionths and 2 some 3
vears of age.™ ¥ Thyrold doses from Tzl

out lodine-i3. in

3

nlants caledlated on the

N N .. . - k]
Dasis of O ; ouher ol iresit animal milk con-

were {for the Unilted S:aies) dividazl!

21 miliirads for 1961, 1932 cenetic effect over o mumber ¢l generauons,
respectivelv.’t Evaluations of the Lhowever, moy be signifcann’
[;.u.‘u..ahuu duse 1O LidVIviu Car- A\L...ALA\L l:‘,:\a. AA.:, e ‘;3:\ L 00
cinogenashs Lave been made on ¢ nu_al wnd sablour has been exprossed Inowrms of dose
-1 BN 1 .

known exiernal irrad iat n by doses in :Z‘;c dose that will be de anaverage lor
!

therapeutic range {30 r w0 3,000 r). e

-1Go

the world popula:ic relevant tssues

Cruce risk estimates for thyroid earcino- curing the complete decny ol radio-active

I -nc:is: b;;scd on wverage follow-up tme of matcnizl inmoduced intwo the
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irraciation of in the exposure Siltests Leior

range of 160 gens,” have been Tahic

caicuiated w Le 0.3 10 1.8 cases per 10° ex- The relatve risks from fallout radiation
posed population per year per roenigen.®’ {ron: tests carried out before 1963 have been
A risk estimate of high magnitude (35 per expressed in terins ol the period of wine dur-
i0Y per rad) abso has been derived.’ Re- 1y which nawral radindon would have
ports concerning associntion of iodine-i51 be doubled 1o give o wose eGunl 1o the dose

and maignant wmors of the thyroid are conuniuncent.”’ Caiculnted in this way, the

scarce. ¥ 27 The risk of thvroid cancer from seriods cqual aporoximaiely 9 months for

internal exposure to radiofodine has been e gonads, 32 months for ccils lining the
estimated to be onc-tenth that {rom external bone suriaces, zad 20 months for the bone

x-irradiation.®” The substitution of ra;io- marrow.’’

lodine-free milk [canned or shipped milk) The Lkelihood of develonng cancer as tie
and die feeding of stored feed o cattic have result of chvomie {allour radintion from tic
been. recommended  when  eriulcally tests of weapons wmrough 1o Qas been osti-
levais of 06 21 - lToToCToA U T U LT V. R O e L eyt 1090
levels ol iodine-131 are detected.™™ mated by the Federal Kudiation Coundil

use ol organic and inorganic tyroid-bock- o During the next 70 vears itols expecied
Ing agents (such as jocides, perchilorides, wnd wint 80,000 persc. ol develop leukemin

thiouracil) has been studied as a counter- and 110,008 bone cuacers Of these, the esil-
measure for sudden high radioiodine con- mated manber of cases cuused by nuturad
taminadon events. Y sadiation are 0 o 84000 [or leukemia and

Carvon-i-. The long-term risk is primarily 0 to 14,600 for bone cancer. The estmated
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buabie {alioutr radiation arc § w0 2.000

any individaal developing cancer as the

1./100.CC0
lor leukemia and O w 1,300,000 for bone
cancer.

b
resuit of {aliout radiation is 0 1o
e

Thc existence of potential havards de-

ands consideration of countermeasures. In
rc]m;on to this question, the National Ad-
visory Committee on Radiation (NACOR
Las advised the avoidance of independent
couniermeasure action.’’* “Not inirequently,
such actien involves the use of counter-

neasures which are associaied with risks

a
roaching or exceeding those of the con-

U

TAnNDANT. Of;cxl such acuon 1y meffeciive in
ie objective sough

reaching t. To avoid these

and sinilar problcx‘ns, reconuendations on
Courntermensures nusi be prom 11\'” ted from

sinvie at uthoriy, acting after {ull evalua-
tion 1th' effective

I3

ness, satety, and feasibil-
tv of the nicasures 1o be taken.” 4!
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for r):'omc:ion rom  exposure,

Ammong e recomun

cula
occupational, o ionizing radiation are tho
{from tiree quaiticd bodies: Intern;:ional
k,on\.:mb.sion on Radloiogica

U [ RO 5
recognized autiorities in ra
5 T+ Myvsip,e o 109, 142-1453
nealin 1:1};1@_ 03, 163, 13145y )

interpretation of the ineat and lmitations of
the recommendations can occur, Vs 19w 145, 346

‘s

ton Protection (ICRP. was established in

1928 by the Sccond Internazional Congress
ot

Radiolouy.** I latest recommend
: 1

R
2, were pum;mw‘ in

o 1 < A o Py MPA DR B -
missitble dose” wiich for an individual has
T~ RN T el R S T R e

been defined as “that dose, accumulated

.
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cis of lonizing radiation GG

" Dose commitinent
Nource of rediation ; fnrad)

Gonuds
Shori-lived nuciides
‘Ceslum-137
Carbon-1+

[N )
[0 By

~1
02}

Py oreen

Cells lining bone

Short-lived nuclides 21
Cesium-127 42
Stroaiium-50 17
Curbon-1+ 23

|

~J

Totul

[
w

Lore marrow

Snort-.ved auclides 25
Cesium-137 2
sirontiuin-90 87
Carbon-1+ 15
Towd 105

over o long period of time or resu!

a single exposure, which, in :he

present xnowledue, carrics a neglivible Hrob-
1/s =% foRaaie} 1

‘ability ol scevere somatic or gencic in-

juries.”
Tho maxinium permissible dose N DDY
for any naividuzi not occupaldoniliv ox-
posed has been set at 0.3 rem per vear o the
blood-fo'“mn“ orzans,tt in
addition 1o natural backgzround plus tiwe
lowest praciicable contribution from moedical

oXpoOsure. It was suysc

"o
mum genet e wiole
popuiation sihould not exceed J rems 1o ase
OO il TTTITD - R etaliye Sovrag
oU vears, {URP Las also recomnen ded vaues

TGN G

nuclicdes in air,

was o set un in 1629

ation Council (R

xecunve order in 1959 o

1o
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